1. What was the first thing you remember after your operation? 2. What was the last thing you remember before you went to sleep for your operation? 3. Can you remember anything between these two periods? 4. Did you dream during your operation? 5. What was the worst thing about your operation?
Incidence of Awareness
Using such a structured interview in the postanesthesia care unit, 1 to 3 days postoperatively, and again 7 to 14 days postoperatively, Sandin et al. 5 studied 11,785 patients and found the incidence of awareness to be 0.18% when neuromuscular blocking agents were used and 0.10% when no neuromuscular blocking agents were used. Other earlier studies had variously described an incidence of awareness of 0.2% to 0.4%. 4, 6, 7 In the study by Sandin et al., 5 11 of the 14 patients who were aware following the use of neuromuscular blocking agents had adverse sequelae in terms of pain, anxiety, or posttraumatic stress disorder (PTSD). In comparison, the four nonparalyzed patients who were aware had no postoperative sequelae. At the 2-year follow-up, approximately 50% of the patients were still severely disabled secondary to PTSD.
Awareness during General Anesthesia
Thus, although awareness during anesthesia is a relatively infrequent phenomenon, it can be a life-changing event for the affected patient. Concerns have been voiced that the incidence of awareness in outpatients (where anesthesia may be deliberately run "light") may be greater than in inpatients. This does not appear to be the case. In a study of more than 3,800 patients, the incidence of awareness was not different in inpatients versus outpatients. 8 Moerman et al. 9 studied 26 patients who had been aware during general anesthesia. They found that they had auditory sensation as well as pain and a feeling of paralysis. The patients described feeling anxiety, panic, powerlessness, and helplessness. It is noteworthy that in a case-controlled review of anesthetic records, the records of those patients aware during anesthesia could not be reliably distinguished from their case-matched controls. Awareness during general anesthesia is often not accompanied by hypertension or tachycardia. This finding is borne out by a review of the ASA closed claims database 10 in which the incidence of hypertension and/or tachycardia associated with awareness was less than 15%.
What Should the Practitioner Do?
When confronted with a possible case of awareness, it is important to treat the patient sympathetically and appropriately. Patients become very angry if the physician denies their episode of awareness occurred. Even though, at the time of reporting, the patient may not exhibit symptoms of PTSD, it is important to obtain a referral to a psychiatrist or psychologist experienced in the treatment of PTSD. Symptoms may develop later. Treatment may include psychotherapy and anxiolytic/antidepressant therapy. Many patients describe avoidance of hospitals and doctors after episodes of awareness. They may avoid medical care to avoid reminders of the traumatic events.
Current Approaches to Monitoring Anesthetic Efficacy
To evaluate monitoring technology for the detection of awareness during general anesthesia, it is necessary to establish a methodology for determining when patients are aware during anesthesia. Experimentally, this can only be performed in the unstimulated patient and may be accomplished using the isolated forearm technique. 11 To perform this, a tourniquet is applied to the dominant arm before administration of a nondepolarizing neuromuscular blocking agent. Then, when awareness occurs, the patient may move his arm in response to command. The threshold for awareness in the middle-latency component of the auditory evoked response has been assessed using the isolated forearm technique. Following induction with thiopental, nitrous oxide concentration was gradually reduced until the subject had an unequivocal response to the command "squeeze my fingers." 12 When the latency of the cortical auditory evoked response was <43 msec, awareness occurred. There were no cases of awareness when the latency of the potential was >43 msec. Similarly, return of consciousness has been assessed using bispectral analysis of the electroencephalogram (BIS). In this study, 13 thiopental or propofol was administered to unstimulated patients prior to surgery and return of consciousness was assessed. No patient recovered consciousness at a BIS value of <55. The longer the patient's BIS value was above this level, the greater the probability of return of consciousness. Changes in heart rate and blood pressure were not associated with return of consciousness. It should be emphasized that these studies can only be carried out in unstimulated patients prior to surgery. It is possible that findings during surgery may be different.
In a case report, it has been suggested that awareness can occur at a BIS value of <50. 14 However, detailed analysis of the trends from this case suggest that erroneous interpretation of the data was made 15 and that BIS was >70 at the time of awareness. BIS is the only monitoring technology with a substantial user base. To date, more than 5 million anesthetics have been given using BIS (Manberg P, personal communication). However, the place of BIS monitoring in the detection and prevention of awareness is still uncertain. Ideally, a prospective randomized trial should be carried out to determine whether BIS monitoring reduces the incidence of awareness. Power analysis suggests that, for a 50% reduction in awareness, 50,000 patients would need to be entered into such a study. This is currently not feasible. A prospective randomized study is ongoing in a subset of high-risk patients (www.b-aware-trial.org).
Causes and Reduction of Awareness
The causes of awareness may be summarized as follows:
Excessive use of neuromuscular blocking agents. The incidence of awareness is nearly halved when neuromuscular blocking agents are not used. However, it is important to remember that awareness can occur even in the absence of neuromuscular blocking agents. To reduce the incidence of awareness, it is recommended that excessive doses of neuromuscular blocking agents be avoided. Neuromuscular blockade should be reversed before discontinuation of the anesthetic. Adequate concentrations of anesthetic should be used at all times. Anesthetic agent monitoring or brain monitoring should be used as appropriate.
If a case of awareness is discovered, either by direct reporting from the patient or during postoperative visit, it is important to treat the patient sympathetically. The practitioner should not deny the possibility that the awareness episode has occurred. Such denial will tend to make the patient angry and more litigious. The practitioner should arrange for follow-up with a psychiatrist or psychologist with experience in PTSD.
Implicit Memory
There is a body of evidence suggesting that memory can still function during anesthesia, even when the patient has no direct recall. This type of memory is known as implicit or indirect memory and is characterized by a change in task performance as a result of information acquired, yet without having any recall of that information. For example, a tape may be played to a patient during anesthesia asking him to pull on his ear during the postoperative interview. If he does so more than might be expected by chance, yet cannot recall hearing the tape, then this is evidence that implicit memory has occurred. The presence or absence of the middle-latency component of the auditory evoked potential has been shown to correlate with the occurrence of implicit memory. 16 A test of both explicit and implicit memory, the process dissociation paradigm, has been used to investigate the relationship between depth of anesthesia and occurrence of memory. 17 The process dissociation paradigm requires presentation of a series of words to patients during anesthesia. After recovery, they are given two word stem completion tasks. In the first, they are requested to complete a word stem, if possible, with a word heard during anesthesia. If they cannot recall a word, then they are asked to complete the word stem with any other word. In the exclusion part of the task, they are asked to complete the stem with a word NOT heard during anesthesia, "use any other word." Better than chance performance in the inclusion task is thought to be a general measure of memory performance (both explicit and implicit). The ability to exclude words in the exclusion task is thought to be a measure of implicit memory. Such memory would result in hit rates for the target word lower than base rate completion. In a study of patients undergoing trauma surgery at different levels of anesthesia, it was found that patients performed significantly better than chance in the inclusion task. However, performance was not different from chance in the exclusion task. 17 It was also noted that the lighter the anesthetic as measured by BIS, the greater the chance of memory performance. In another study, 18 during Cesarean section at a mean BIS of 76, patients were able to make the exclusion decision less frequently than might be expected by chance. This is evidence that, at a BIS of 76, weak explicit memory may occur (although it should be noted that none of the patients has any direct memory for the events).
Summary
Awareness during anesthesia is an uncommon event (up to 0.18% when neuromuscular blocking agents are used). This may be considered a low incidence phenomenon and not worth worrying about. However, considering the number of general anesthetics given in the United States every year (in excess of 20,000,000), we may expect at least 36,000 patients every year to be aware. Of the patients who do report awareness during anesthesia with neuromuscular blockade, the incidence of adverse sequelae in terms of PTSD is approximately 78%. If patients report awareness during anesthesia, sympathetic treatment and appropriate professional follow-up are advised. Indirect memory can occur during anesthesia, and its occurrence is related to the depth of anesthesia. We do not know yet whether monitoring central nervous system function during anesthesia will result in a lower incidence of awareness, although preliminary data suggest that monitoring is likely to be helpful.
